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Abstract. Rhabdopleura obuti sp. nov. is described from the late Middle Cambrian Mayan Stage of the

Sukhan Depression, Siberia, and is the second rhabdopleurid to be described from the Cambrian. It is probably

one of the oldest ‘living fossils’, remaining unchanged for over 520 Ma. This colonial pterobranch consists of

stolonal and zooidal tubes. The creeping portion commonly found in most pterobranchs is reduced, with the

colony adopting an erect growth habit. The stolonal tubes frequently show dichotomies and contain stolons.

It is the earliest record of stolons. The zooidal tubes widen distally and occasionally show branchings to form
other zooidal tubes. Fuselli are common and possess a very irregular zig-zag suture. There is no thecal

dimorphism. There are several dark bodies occurring within the zooidal tube which have been interpreted as

dormant buds and zooidal material. The best preserved zooid occurs in an open-ended tube and is cigar shaped
(0-7 by 0-2 mm) and attached proximally to a stolon. This is the earliest record of zooid material. A review

of hemichordate zooids in the fossil record is presented. Rhabdopleura obuti is compared with other

pterobranchs and graptolites, with the conclusion that it represents an early rhabdopleurid but has characters

which represent the start of the graptolite evolutionary story.

The close phylogenetic relationship between the pterobranchs and the graptolites, which was first

suggested by Schepotieff (1905) and substantiated through the work of Kozlowski ( 1938, 1949c/), is

now well established from a variety of morphological, ultrastructural and chemical evidence

(summarized by Rickards and Dumican 1984; Urbanek 1986). Predictions based on this close

phylogenetic relationship suggest the occurrence of pterobranch-like ancestors in the Cambrian
(Andres 1977, p. 89; Rickards 1979; Rickards et at. 1984). Attention has been focused on the early

graptolite and pterobranch record in order to untangle the early evolution of these groups. The
record of Middle Cambrian graptolites has developed over the last eighty years (North America:

Ruedemann 1908, 1931, 1947; Australia: Chapman 1919; Chapman and Thomas 1936; Quilty

1971; Europe: Sdzuy 1974) with a substantial Siberian component (Obut 1964, 1974). Middle

Cambrian graptolite material further suggests an early occurrence of pterobranchs. The discovery

of Rhabdopleura at this stratigraphical level will have great bearing in the study of the evolution

of the pterobranchs and their relationship with the Graptolithina. A detailed study involving a

phylogenetic classification of these groups and the origin and early evolution of the graptolites is

currently being prepared for publication (by P.N.D.).

The material consists of a number of well-preserved, semi-transparent tubular colonial fossils

with fusellar structures and sclerotized stolons constituting the earliest record of preserved stolon

material. The fossils occur in a light-grey bedded limestone which can be easily prepared with acids.

It is the earliest Cambrian pterobranch material to have been found in Siberia. It also represents a

group which has remained unchanged for over 500 million years and is probably one of the oldest

‘living fossils’ (see below for discussion).

The only other record of a pterobranch from the Middle Cambrian is Rhabdotubus johanssoni

Bengtson and Urbanek, 1986, from southern Sweden and Norway (see also Opik 1933). The
material described here was discovered in the collections of A. M. Obut at the Institute of Geology
and Geophysics, Academy of Sciences, Novosibirsk during a visit made by Durman. It had been
collected by K. S. Zaburdin in 1957 (Field specimen No. 1738B) from a locality on the River Ukukit
which is a western tributary from the middle region of the Rover Olenek, on the western flank of

the Sukhan Depression. This is part of the Olenek structural region in the Yudoma-Olenek facies
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region of the Siberian Platform (Kobanjikov 1959), in the Zelenotsvetnaya Formation. In modern
usage this formation correlates with the Djahtaz and Siligir horizons from the Mayan Stage of the

late Middle Cambrian (Shabanov et al. 1983). Rhabdotubiis johanssoni is from the Eccaparadoxides

pinus Biozone of the early Middle Cambrian, the earliest record of a pterobranch.

SYSTEMATICPALAEONTOLOGY
Phylum hemichordata Bateson, 1885

Class pterobranchia Lankester, 1877

Order rhabdopleurida Fowler, 1892

Family rhabdopleuridae Harmer, 1905

Genus rhabdopleura Allman, 1869

Type species. R. normani Allman 1869«, p. 311 (see also Allman 18696, p. 439; Allman 1869c, p. 58, pi. 8);

Recent, from the Shetland Sea, Scotland, at 90 fathoms.

Rhabdopleura obuti sp. nov.

Plate I, figs 1-4; Plate 2, figs 1-6; Text-figs 1-4

Derivation of name. After the Soviet graptolite worker Professor A. M. Obut who described much of the
Siberian Cambrian graptolite material.

Material. The specimens are on five pieces of rock of which two fragments are housed at the Palaeontological

Department of the Central Siberian Geological Museum in the Institute of Geology and Geophysics,

Novosibirsk; registration number IGiG No. 962. Three other pieces of rock are deposited at the Sedgwick

Museum, Cambridge (SM X. 23262-23264).

Holotype. IGiG No. 962.

Paratypes. SM X. 23262-23264.

Horizon and locality. Zelenotsvetnaya Formation, late Middle Cambrian, River Ukukit, Siberia.

Associated species. Siberiodendrum robustum Obut, 1964 and Archaeolafoea sp. are in the same collection made
by V. Ya Kobanjikov from this locality (housed at IGiG).

Diagnosis. Coenoecium consisting of stolonal and zooidal tubes. Colony habitus largely erect with

limited, encrusting, proximal portion. Stolonal tubes are 0-25-0-75 mmwide with irregular

branchings. Sclerotized stolons common showing bifurcation at branch nodes. Stolon thickness

between 60 and 80 pm. The erect zooidal tubes are 6-6 mmlong on average widening gradually to

an aperture of about 1 mm. Branching of zooidal tubes occurs quite commonly. No thecal

dimorphism or indication of cortical bandaging. Fusellar structures found throughout the whole

colony with traces of very irregular zig-zag sutures in the stolonal tubes. Fusellar heights vary

EXPLANATIONOF PLATE 1

Figs 1-4. Rhabdopleura obuti sp. nov. Zelenotsvetnaya Formation of the Mayan Stage, Middle Cambrian;

River Ukukit (western tributary of River Olenek), Siberia. 1, IGiG No. 962, holotype; showing overall

colony form with stolonal and zooidal tubes, fuselli and stolons visible, x 10. 2, SMX. 23264; possible coiled

thecorhiza, x 16-6. 3, SMX. 23264; zooid in place within tube showing proximal stolon attachment, x 4-8.

4, SM X. 23264; zooid within tube with distal lophophore structure and proximal attachment point for

stolon, x4-8.
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text-fig. 1. Camera lucida drawing of the holotype of Rhabdopleura obuti sp. nov. (IGiG No. 962) illustrating

the overall colony form with fusellar structures and stolons. Dark bodies represent probable zooids or dormant
buds, x 7.

75-150 pm in stolonal tubes and 50-100 /mi in zooidal tubes. Buds and zooids preserved within the

tubarium with zooids measuring about 0-2 by 0-7 mm.

Description

Coenoecium. The material consists of several distinct semi-transparent rhabdosomes and a number

of isolated zooidal tubes (Plates 1-2; Text-figs 1-2). The overall colony form, such as any division into repent

and erect tubes, is difficult to discern because the rhabdosomes have been flattened on burial. This flattening

has also caused tubes to overlie one another and occur in a closer proximity to each other than they would have

in life. The holotype has twelve distinct tubes and measures 12 by 9 mm(PI. 1, fig. 1 ;
Text-fig. 1). The upright

zooidal tubes are the most common.

Stolonal tubes. The primary tubes have diameters of about 0-25-0-75 mmand are often seen with the better

preserved stolon material (PI. 2, figs 2, 5-6). The flattened tube diameters of 2-5 mmare associated with the very

proximal tube portions nearest to the dichotomies. One tube fragment displays an area devoid of fuselli,

running longitudinally down one side of the tube (PI. 2, fig. 1). It has been interpreted as the structureless lower

layer that occurs typically on the lower side of the creeping tubes in Rhabdopleura and also in some graptolites,

for example the crustoids (Kozlowski 1962; Urbanek 1986). One specimen (PI. 1, fig. 2) appears to be a coiled

creeping tube forming a typical thecorhiza. No indication could be found in any of the material for any form
of diaphragm or transverse structures which are found in Recent Rhabdopleura.

Zooidal tubes. The erect zooidal tubes arise by lateral branching from the primary stolonal tubes (PI. 1, fig. 1

;

PI. 2, fig. 2) and appear at a variety of orientations from the primary tube; they tend to form a lateral branch

which twists around the main axis so that they run parallel to it, or can bend outwards at angles of up to 90°.

The porus in the primary tube (where a zooidal tube emerges) is of the same diameter as the initial portion of

the zooidal tube; branching apparently occurred by perforatory budding. The zooidal tubes vary in size: the

longest complete tube is 8-5 mm(on the holotype); an average tube length is 6-6 mm(n = 22 complete tubes).

The tubes are generally parallel sided or display a slight widening towards the aperture (PI. 2, fig. 3). The
diameter increase is about 0-5 mmover an average tube length, often with a greater expansion at the very
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terminal portion giving rise to a funnel-shaped aperture (PI. 2, fig. 3). The apertures of the tubes range from
0-47 to 1-25 mmin diameter (average about 0-87 mm; n = 31). Aperture ornamentation is not apparent but

there is the possibility in some of the material that the apertures may have an oblique margin at an angle of

20°-30° to the edge of the tube; however, this may be a taphonomic affect. These variations described are

probably due to preservational or local growth differences rather than any form of thecal dimorphism. The
coenoecia of the zooidal tubes are often darker more proximally and become lighter distally, a feature related

to secondary thickening which is more prevalent proximally or to greater proximal sclerotization.

FuseUar structure. Full fusellar rings are most prevalent; rarer half-rings occur most frequently proximally and

in the stolonal portions. The zig-zag suture is very indistinct and irregular but can be seen over short lengths

(PI. 2, fig. 2; cf. Rhabdopleura kozlowskii Kulicki, 1969). Zooidal tubes mainly comprise complete fusellar rings

with an oblique suture which is often irregularly placed as in the case of most rhabdopleurids and some
graptolites. The distal parts of the fuselli frequently protrude to give the appearance of a collar which is very

characteristic of the rhabdopleurid fusellar arrangement (PI. 2, fig. 5). The height of the fuselli (i.e. the distance

between the growth lines) varies with position in the colony: the stolonal tubes have fusellar heights in the

range 75-150 pm, the zooidal tube fuselli 50-100 pm. Thus over a 2-5 mmportion, the stolonal tubes have

about 18-22 fuselli compared with 25-35 fuselli in zooidal tubes.

Stolons. The stolons are very common throughout the colonies and more frequent in the repent tubes. The

stolons appear as dark rods often with relief. Their common occurrence is due to the sclerotization which

toughens the material and makes their preservation potential greater. The longest stolon is 6-38 mmwith a

thickness of 60 /un; stolon thickness ranges from 60 to 80 /mi. The stolons frequently appear to bifurcate at

the lateral branches (Text-fig. 1). The stolons swell at these nodes (PI. 2, figs 2, 5-6).

Buds and zooids. At a number of places, there are dark bodies which may be interpreted as dormant buds or

zooids. However, it is possible to confuse areas of tube overlap with these zooids as they both appear darker

than the surrounding region and care must be taken in the interpretation. The clearest example of a preserved

zooid occurs in an open-ended tube; it is cigar shaped, measuring 0 7 mmlong by 0-2 mmwide (PI. 1, fig. 3;

Text-fig. 3). It is attached proximally to a 67 pmwide stolon and is preserved in three dimensions but no further

anatomical details can be seen. In one specimen (SM X. 23264; PI. 1, fig. 4) there is a suggestion of a lophophore.

At the distal end of the zooid in SMX. 23262 there is a small projection which may be remnants of the pre-

oral disc or cephalic shield (PI. 1, fig. 3). The size compares well with accounts of Recent rhabdopleuran zooids

which measure <0-5-10 mm(Bulman 1970; Stebbing 1970) and with the unique record of graptolite zooids

recorded as being ‘rather less than half a millimetre’ (Rickards and Stait 1984).

Discussion. The general appearance of the coenoecium with the proximal semi-annular fuselli and
zooidal tubes displaying irregular, annular fuselli is in itself sufficient to place these specimens in

Rhabdopleura
;

the occurrence of sclerotized stolon and zooidal bodies makes this placement

conclusive. Other features, such as the development of the secondary thickening in the proximal

areas, are common in Rhabdopleura normani. The absence of thecal dimorphism prevents inclusion

in the graptolites (as thecal dimorphism is essentially a graptolitic character secondarily lost in the

graptoloids). The only character which is not properly accounted for within extant Rhabdopleura

is the occurrence of distally widening tubes (although Andres has reported them in specimens from

Bergen, Norway - see below). The proposal to erect a new genus or subgenus was considered at

length (see later for comparison and discussion), but it was decided that the differences between the

extant species were no greater than the differences between them and R. obuti , and the proposal was
abandoned. There is a series of parallel-sided lines which run longitudinally in some of the tubes

which look similar to cortical bandages. However, a number of the lines converge and cross which

suggests that they are due to wrinkling from tube flattening; if they were cortical bandages, the lines

would be expected to maintain a parallel relationship along their entire length. There is no

indication of any type of solid substrate such as shell material, and presumably the good
preservation indicates the colony has not been transported any great distance. Text-figure 4

illustrates the authors’ concept of how the organism Rhabdopleura obuti might have appeared in life.
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COMPARISONWITH OTHERPTEROBRANCHSANDGRAPTOLITES

Despite the simple morphology of the rhabdopleurids, their ecophenotypic variability has made
classification confused in the past. Identification of extant species of Rhabdopleura has been much
debated with great deal of synonymizing and species splitting (Thomas and Davies 1949a). This is

mainly due to the very varied forms that the genus can adopt, related to substrate interaction. Fossil

species have similarly undergone much discussion but this debate has often been at a higher

taxonomic level and, due to Mierzejewski ( 1986), at the family level. Bulman (1970) was the first to

place all the fossil pterobranchs into the family Rhabdopleuridae, as previous workers such as

Kozlowski showed a reluctance to use families in classification. Mierzejewski (1986) adopted a

different approach with the different fossil genera representing three families with three distinct

phylogenetic lines.

Comparison with Recent Rhabdopleura

Seven Recent species of Rhabdopleura have been described; Thomas and Davies (1949a) gave an

account of their classification and its problems. It was suggested by van der Horst (1936) that these

seven species can be synonymized into three, based on a geographical distribution (R. normani -

Atlantic; R. striata- Sri Lanka; and R. annulata- New Zealand, Celebes and Tasmania). This

scheme has been adopted by most workers. R. normani is very variable with the zooidal tubes arising

with poorly to well developed adherent portions (Lankester 1886, p. 625). R. annulata lacks an

adherent portion but the creeping portion is well developed. R. obuti differs from most of the Recent

examples of Rhabdopleura in lacking a distinct and significant creeping portion of the stolonal tubes,

with a very irregular and limited zig-zag suture in the stolonal tubes which widen distally. However,

there are rare examples of other rhabdopleurids demonstrating characters such as distally widening

tubes, e.g. Rhabdopleurites primaevus Kozlowski, 1967 and Recent Rhabdopleura from Bergen,

Norway (Dietmar Andres pers. comm.). Branching of the zooidal tubes is rare in Recent

Rhabdopleura but has been reported (Schepotieff 1907, pis 17, 21 ; Kozlowski 1949a, fig. 14); Kulicki

1971, fig. 2g-h). It is rarely seen in R. normani (Noel Dilly pers. comm.). The limited creeping

portion of Rhabdopleura obuti is perhaps a reflection of the soft substrate on which it lived.

Rhabdopleurids are usually found associated with hard substrates such as pebbles, corals, ascidians

and shells, although R. mirabilis Sars, 1874 is reported to be attached to mud, sand particles, and

associated foraminiferal tests. R. normani is known to grow on sand particles off' the Faeroe Islands

(Noel Dilly pers. comm.).

Comparison with fossil rhabdopleurids

Rhabdopleura eocenica Thomas and Davies, 19497* (Ypresian, Eocene, Lower Swanwick,
Hampshire); R. vistulae Kozlowski, 19497? (Upper Cretaceous, Poland); R. delmeri Mortelmans,
1955 (Visean, Turnhout, Belgium); R. kozlowskii Kulicki, 1969 (Bathonian, southern Poland);

/?.? sp. Mierzejewski, 1978 (Ludlow, Silurian, Poland) and R. hollandi Rickards et al ., 1984 (Upper
Llandovery, Powys, Wales) all display features very much like Recent Rhabdopleura. R. obuti is very

comparable with these forms and only differs from them in the characters listed above.

Many of the rhabdopleurids described by Kozlowski (Rhabdopleuroides exspectatus Kozlowski,

EXPLANATIONOF PLATE 2

Figs 1-6. Rhabdopleura obuti sp. nov. Zelenotsvetnaya Formation of the Mayan Stage, Middle Cambrian;

River Ukukit (western tributary of Rover Olenek), Siberia. 1, SM X. 23263; stolonal tube illustrating

structureless lower layer, x 17-5. 2, SM X.23262; stolonal tube with branch, fuselli and stolons, x 35.

3, SM X. 23264; typical zooidal tube with funnel-shaped aperture and fuselli, x 14-2. 4, SM X. 23264;

collection of branching zooidal tubes, x 3-7. 5, SMX.23262; stolonal tube with stolon and collar-shaped

fuselli, x40. 6, SM, X.23262; stolonal tube with branching stolon, x 17-7.
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text-fig. 2. Rhabdopleura obuti sp. nov. showing overall colony arrangement. A, SMX.23262; large dark

bodies are probable zooids, x 5. b, SMX. 23264; collection of branching zooidal tubes, x 2 5.

text-fig. 3. Zooids belonging to Rhabdopleura obuti sp. nov. SMX. 23264. Both zooids occur within zooidal

tubes displaying fuselli and possibly exhibit lophophores distally and stolon structures proximally. Scale bar

represents 0-5 mm.
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1961 (Upper Ordovician, Poland); Rhabdopleurites primaevus Kozlowski, 1967 (Ordovician,

Poland) and Kystodendron Kozlowski, 1959 (Ordovician, Poland)) appear to be very similar to

Recent Rhabdopleura. However, they are differentiated on the basis of a few characters listed as

follows: R. exspectatus lacks dormant buds, possesses apertural languettes and the zooidal tubes are

attached throughout their length; R. primaevus possesses non-fusellar portions, but the sterile buds

are missing and it is based on very fragmentary material; and Kystodendron (includes

Eorhabdopleura Kozlowski, 1970) has major stolons and peduncular stolons of cysts of sterile buds

which lack diaphragms. Webelieve that these characters are not sufficient to define taxa separate

from Rhabdopleura. The characters on which these taxa are defined are often absence characters

which are not useful when dealing with fossil material. Clearly, the lack of a character may be simply

related to its poor preservation. Additionally, Kozlowski’s material was mainly derived from acid

isolation techniques which have been useful in obtaining new material but can also cause damage
to specimens.

The only other Middle Cambrian rhabdopleurid, Rhabdotubus johanssoni Bengtson and Urbanek,

1986 has a very similar appearance to the material described here. Rhabdotubus has tubes displaying

creeping portions and zooidal tubes which widen distally, with very similar fusellar arrangements.

There are lateral branches to the zooidal tubes and the colony sizes are very comparable. However
the colonies of Rhabdotubus differ by having a more discrete basal structure and also the erect

zooidal tubes occur frequently as adnate bundles. Rhabdotubus also seems to show a preference for

firm substrates such as brachiopod valves, which may be the reason why there is a better developed

thecorhiza. There is an absence of stolons or related structures in Rhabdotubus , which has been

interpreted as a lack of stolon sclerotization (Bengtson and Urbanek 1986).

Bengtson and Urbanek (1986) proposed that Rhabdotubus is an intermediate form between the

rhabdopleuran pterobranchs and the tuboid graptolites with a mosaic of characters from both

groups. The main points of evidence that they have for the association with the tuboids are: the

striking resemblance of the colony habitus; the occurrence of a ventral apertural lip; and the steady

increase of the zooidal tube diameter and the lack of a scelerotized stolon system. Rhabdopleura

obuti is probably more closely related to Recent rhabdopleurids than Rhabdotubus , but also shows
some characters that are seen in the tuboid graptolites such as the distally widening tubes. These

Middle Cambrian rhabdopleurans provide evidence for the divergence of the rhabdopleurid and
tuboid groups which is an important phase of hemichordate evolution.

Comparison with Fasciculitubus Ohmand Sobolevskaya , 1967

This genus is remarkably similar to Rhabdotubus and they are probably synonymous; however, for

the present Fasciculitubus should merely be removed from the graptolite Idiotubidae to the

pterobranch Rhabdopleuridae. It has a very comparable colony habitus with a distinct basal

portion and erect cylindrical tubes. Urbanek (pers. comm.) agrees that Rhabdotubus and
Fasciculitubus are very similar.

RHABDOPLEURA:A 'LIVING FOSSIL'

The discovery of rhabdopleurids at this stratigraphical level indicates the remarkably conservative

nature of the group. The basic morphology has remained unchanged for 520 Ma, consisting of a

series of creeping tubes with erect zooidal tubes and a branching system of sclerotized stolons. This

represents one of the oldest 'living fossils’, characterized by a low species diversity and a set of

morphological traits which persist over an extraordinarily long time range. The existence of 'living

fossils’ has been considered paradoxical in the sense that changing environments over such a long

period would surely have prompted some form of evolutionary change. 'Living fossils’ have been

considered in terms of rates of evolution. The two main explanations are that slow transformation,

producing little anatomical diversity, accounts for low observed taxonomic diversity or, in reverse,

that low rates of speciation have slowed the acquisition of morphological diversity (Eldredge 1984).
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text-fig. 4. Reconstruction of Rhabdopleura obuti sp. nov. with branching zooidal tubes, bifurcating stolons,

terminal bud and feeding zooids. The overall zooid morphology is taken from the preserved material and by
comparison with Recent species. The zooids are mainly shown feeding at the tube rims. A dormant bud at the
terminal portion is also indicated. The attached portion of the colony is somewhat reduced, with a

dichotomizing system of zooidal tubes above. The zooidal tubes show the distally widening tubes with funnel-

shaped apertures.

Our understanding of why Rhabdopleura is a 'living fossil’ is hampered by a limited knowledge of

its geographical distribution through time, and the fragmentary fossil record. So, although it is

difficult to explain the occurrence of Rhabdopleura in terms of evolutionary rates, it is somewhat
easier to speculate how this organism has succeeded to defy extinction.

Recent Rhabdopleura is commonly found inhabiting cryptic environments such as on the concave

surface of bivalve shells. During a dredging study off Stoke Point, Plymouth, 61 per cent of the

colonies were found on this inner surface of shells such as Glycimeris glycimeris (Stebbing 1970).

Observations of colonies in life position at the same locality (by SCUBAdiving) revealed that the

dead shells were in abundance, and all the separated valves were lying concave side downwards. The
specificity of habitat is likely to be related to selection by the larvae on settling, enabled by its

mobility, but its exact mode is unknown (Dilly 1973). Other cryptic environments have been utilized

such as dead serpulid tubes, in the holes left by the sponge, Cliona celata , or in the burrows of boring

polychaetes (Stebbing 1970). The cryptic nature of the habitat is clearly advantageous with respect

to avoiding predation, adverse conditions etc. and, although Glycimeris has not existed as long as
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Rhabdopleura, there were presumably other suitable host shells during earlier times, such as trilobite

moults. ‘Living fossils’ are often seen to inhabit restricted environments; for example. Nautilus lives

in deep, fore-reef slope environments. It is thought that Nautilis retreated to deeper waters

(facilitated by the ability to survive in low-oxygen conditions) to avoid competition with the newly

evolved fast-moving fish (Wells et al. 1992). Similarly, representatives of the Pleurotomariidae

(Gastropoda) are widely known from the Cambrian, but today they are only known from deep
water environments ( > 200 m), of low latitudes and hard substrates (Hickman 1984). These groups

have been known from much broader environments in the geological past but today are restricted

to refugia- type environments.

Another factor which may have favoured their survival is the ability to overwinter by encystment.

Recent Rhabdopleura produce buds consisting of a spherical or ovoid mass of yolky globules

which are sometimes enclosed in a darkly pigmented case (Dilly 1975). These have been variously

referred to as hibernacula (Lankester 1884), sterile buds (Schepotieff 1907) or dormant buds

(Stebbing 1970). There are commonly several dormant buds in each colony. They are formed

from the base of the contractile stalks of adult zooids and became separated from them into a

chamber in the repent coenoecium by the secretion of a septum across the tube. The material

composing the dormant bud wall (which is very similar to graptolite periderm) is clearly very

resistant as it is commonly preserved in the fossil record. This resulting yolk store is contributed by

many of the zooids in the colony, but it is not clear as to whether this food supply is generally

available in times of shortage. It is perhaps more likely that the colony dies back in the winter and

that fresh zooids develop from dark cells surrounding the yolk within the bud (Dilly 1975). This

adaptation to overwintering has enabled the group to survive through periods of low food levels and

other adverse conditions. It is not known how resistant these dormant buds are; perhaps they

could survive for several years to produce viable colonies. The acquisition of the dormant buds

occurred early in the phylogeny of the group, as it has been proposed that the graptoblasts,

associated with the crustoid graptolites, represent structures homologous to dormant buds

(Urbanek 1983). Graptoblasts are found as early as the Lower Ordovician. Dormant buds are not

found in any of the other Hemichordata; they first appeared in the pterobranchs and were

subsequently lost at some point during the evolution of the graptolites (Durman unpublished).

Their occurrence in the rhabdopleurids could have been a significant factor for the survival of the

group through mass extinctions.

The simple morphology of the rhabdopleurids has allowed substantial ecophenotypic variation

enabling adaptation to changing environments. This has been assisted further through its modular

development of its colonial habit allowing variability within the colony. The reproductive strategies

have also been an aid to its survival. Rhabdopleura is able to reproduce sexually (probably during

more favourable times) and can bud asexually as part of the growth of the colony and reproduction

(during less favourable times). The exact bathymetric range of Rhabdopleura is unknown but

R. normani tends to be a relatively deep water form with R. compacta occurring in comparatively

shallower waters (Plymouth Sound and the coast of Bermuda, respectively). Although it is most

commonly found in cryptic environments, it has also been reported from coarse sandy substrates

and even mud. Rhabdopleura appears to have quite a wide tolerance of physical conditions, but

seems to select cryptic environments over non-cryptic. A combination of the cryptic life habit, a

persistent life-cycle strategy and adaptability has allowed the survival of this remarkable genus to

the present day.

HEMICHORDATEZOOIDS IN THE FOSSIL RECORD
The first account of zooids in the fossil record was by Rickards and Stait (1984; see also Rickards

et al. 1991) where several zooids were found in the thecae of Psigraptus jacksoni (Tremadoc); they

are pyritized and preserved in three dimensions. Previous to these accounts, deductions about the

size and function of zooids had to be made by comparison with living pterobranchs and by analysis

of the structures these zooids made, i.e. the fuselli and cortical bandages of the rhabdosomes
(Crowther and Rickards 1977). A recent paper by Sudbury (1991) proposed a formula for the size
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of the zooid based on its relationship with fusellus height (FH), that is, the graptolite zooid would
be 1-5 FH wide and 4-5 FH long. It is quite likely that such a relationship exists as the fuselli are

structures secreted by the cephalic shield of the zooid. The discovery of preserved zooid material

associated with Rhabdopleura obuti is an ideal opportunity to test some of these ideas (PI. 1, figs 3-4;

Text-fig. 3). Measurements of the fusellar heights from a tube containing a zooid range from 67 to

84 pm and average 75 /mi. If the formula is applied to these measurements, a zooid measuring

1 13 /an wide by 338 pm. long would be expected to have built the tube. The zooid within the tube

measures 200 by 700 pm, about double the dimensions predicted by the formula. If one assumes that

the formula is accurate, the measurements represent the size of the zooid that built the tube,

suggesting that the zooid has doubled in size following its completion. This increase in size could

be related to a change in life functions such as sexual reproduction. Sudbury (1991, p. 384)

mentioned that the graptolite zooids of her study appear to produce over large thecae and, she

proposed that the tubes were built rapidly and that the construction of fuselli was part of the earlier

stages of the ontogeny. After the tube was complete the zooid could then embark on the final stage

of its ontogeny, including the production of gonads for sexual reproduction, causing a further

increase in zooid size. The measurements here concur with Sudbury’s predictions.
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